Background--Endovascular therapy has been shown to be effective in patients with acute cerebral large-vessel occlusion, but realworld efficacies are unknown.
occlusions in the posterior circulation, 6 and mortality rates during hospitalization were 30% in patients with posterior circulation occlusions, which was higher than their counterparts. 7 In addition, most of the enrolled patients received recombinant intravenous tissue plasminogen activator (rt-PA) before EVT, but the efficacy of EVT without intravenous rt-PA was uncertain in the previous RCTs that evaluated EVT. The effectiveness of EVT for acute cerebral LVO, other than intracranial internal carotid artery or M1 portion of the middle cerebral artery, is still unclear. Also, the dosages used in intravenous rt-PA in Japan are different from those in other countries such as Europe and the United States based on previous observational studies. 8 Therefore, we conducted a prospective registry of consecutive patients with acute LVO, irrespective of the site of occlusions or treatment modalities used, in order to clarify the generalizability of the effectiveness of EVT in real-world patients.
Methods
The RESCUE-Japan Registry 2 (Recovery by Endovascular Salvage for Cerebral Ultra-acute Embolism Japan Registry 2) was a prospective, multicenter registry enrolling consecutive patients with acute cerebral LVO in 46 centers in Japan between October 2014 and September 2016. The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. We enrolled consecutive patients who were aged 20 years or older and hospitalized within 24 hours of the onset of acute cerebral LVO. If the exact onset time was unknown, it was regarded to be the time when the patients were witnessed as safe. If the stroke was too severe to evaluate the occlusion site and the information was not available, such patients were not registered. The institutional review boards of all 46 participating centers approved the protocol. Written informed consent from each patient was waived in this study because we used clinical information obtained in routine clinical practice. Institutional review boards approved the exemption in accordance with the Ethical Guidelines for Medical and Health Research Involving Human Subjects in Japan. The Independent Data Safety Monitoring Board periodically reviewed the progress of this study. All study centers were regularly alerted by the study secretariat not to miss the consecutive patients with acute LVO.
Endovascular Therapy
The diagnostic and treatment modalities were determined by the physician in charge. EVT consisted of thrombectomy using any devise approved in Japan, such as stent retrievers and/or aspiration catheter, balloon angioplasty, stenting, local fibrinolysis, piercing using guidewires and/or microcatheters, or a combination of these treatments. The stent retrievers used in this study were the Solitaire TM 2 Revascularization Device (Covidien Irvine, CA), the Trevo â ProVue Retriever/Trevo â XP ProVue Retriever (Stryker, Fremont, CA), and the Revive â (Codman, MA). The aspiration catheter used was the Penumbra System â (Penumbra, CA). Other devices for EVT procedures such as stenting or angioplasty were selected by the physicians in charge.
Other systemic treatments including antithrombotic therapies were also determined by the physician in charge, according to the most current and best available evidence.
Outcomes
We measured the patients' disabilities using the modified Rankin Scale (mRS). 9 If the mRS could not be assessed, the patients or their legally authorized representatives were contacted via telephone to estimate the mRS. The assessments of mRS were required to be conducted by an independent physician who had not treated the patient. We set the primary outcome to be a favorable outcome, as defined by mRS ranging 0 to 2, and evaluated at 90 days after the stroke onset. Secondary outcomes were considered to be either an excellent outcome, as defined by mRS ranging 0 to 1 at 90 days, or mortality at 90 days. Safety outcomes included any intracranial hemorrhage, symptomatic intracranial hemorrhage within 72 hours after the onset of the stroke, 10 or recurrence of stroke or transient ischemic attack within 90 days. Symptomatic intracranial hemorrhage indicated neurological worsening more than 4 points in National Institutes of Health Stroke Scale (NIHSS).
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Clinical Perspective
What Is New?
• This is the largest registry of 2399 consecutive patients with acute cerebral large-vessel occlusions.
• Endovascular therapy decreased disabilities at 90 days without apparent safety concerns in patients with acute cerebral large-vessel occlusion at real-world settings.
What Are the Clinical Implications?
• Endovascular therapy should be considered in patients with acute cerebral large-vessel occlusions in any setting if there were no definitive contraindications.
• The effectiveness of endovascular therapy for some patients off the current guidelines should be attested in future research, such as those with larger stroke volume, mild disability, posterior circulations, or later arrival time.
Data Collection and Definitions
The collection of clinical information was conducted through a review of the hospital charts. Follow-up information up to 90 days was mainly collected by a review of the hospital charts, and any additional information was collected by making contact with patients, relatives, and referring physicians. In addition to patients' characteristics, we collected the data on mRS before the onset of the stroke, NIHSS score, the time from onset of symptoms or stroke to receipt of medical care, the use of intravenous rt-PA, and the classification of the stroke. Acute ischemic stroke was classified as cardioembolic, atherothrombotic, cryptogenic, or others. 12 Because the diagnostic modalities were different between the centers, we measured the extent of the stroke using the Alberta Stroke Program Early CT Score (ASPECTS), as seen on diffusion-weighted image (DWI) in magnetic resonance imaging (MRI) or noncontrast computed tomography (NCCT). We evaluated these findings on the day of admission and 3 days after the onset of the stroke. 13, 14 In patients who had stroke in the area of the posterior circulation, we measured the pc-ASPECTS (posterior circulation ASPECTS) on DWI with magnetic resonance imaging. 15 All ASPECTS results of ASPECTS on NCCT, ASPECTS on DWI, or DWI pc-ASPECTS measurements from either of the diagnostic modalities provided scores ranging from 0 to 10, with the higher scores representing smaller early ischemic change. ASPECTS or pc-ASPECTS were defined as ASPECTS on NCCT, ASPECTS on DWI, or DWI pc-ASPECTS. We also classified the location of the occlusion by using either magnetic resonance angiography, computed tomography angiography, or digital subtraction angiography. [16] [17] [18] Data were recorded on a standardized electronic data capture and sent to a centralized center over a secured internet. All fields were examined for missing data or outliers, and investigators were asked to complete or correct the data wherever possible and necessary. Outlying data were checked and excluded if they were erroneous, but such exclusions accounted for <1% of the data.
Statistical Analysis
Categorical variables were presented as numbers and percentages and were compared using the v 2 test. Because the selection of EVT was determined by physicians, and the patients' characteristics were supposed to be highly different between the groups, we chose to develop a propensity score-matched cohort. We used a logistic regression model to develop the propensity score for the choice of EVT, with 11 independent variables relevant to the choice of EVT. The variables for the propensity score included the following: study period (before February 2015 or after March 2015), use of intravenous rt-PA, age (≥75 or <75 years), NIHSS (≥16 or <16), ASPECTS (≥6 or <6), creatinine value (≥2.0 or <2.0 lmol/L), the site of main occlusions (anterior circulation or posterior circulation), the vessels of main occlusions (internal carotid artery and M1 segment middle cerebral artery or other arteries), the presence of multiple occlusions, the cause of the stroke (cardioembolic or others), and the presence of a history of stroke. The 2 study periods were determined by the publication of 4 randomized controlled trials, [1] [2] [3] [4] which had changed the practice of acute cerebral LVO. Because the number of patients who did not receive EVT was fewer than those with EVT, the patients in the EVT group were matched to those in the no-EVT group using a 1:1 matching technique.
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The primary and secondary outcomes were compared between the EVT and the no-EVT groups in the propensity score-matched cohort. We developed conditional logistic models that considered the matched pairs of EVT and no EVT. Because the prognostic factors were still imbalanced after the propensity score matching, we constructed the multivariable conditional logistic regression models by adjusting the following variables: age (≥75 or <75 years), ASPECTS (≥6 or <6), NIHSS (≥16 or <16), mRS before onset of stroke (>2 or <2), time from onset of stroke to hospital door (≥180 or <180 minutes), use of intravenous rt-PA, and the site of the main occlusions (anterior circulation or posterior circulation), the vessels of main occlusions (internal carotid artery and M1 segment middle cerebral artery or other arteries). We dichotomized ages above and below 75 years based on the criteria for advanced age used by the Japanese health insurance system. Because the threshold of 6 of both anterior circulation ASPECTS and pc-ASPECT were reported to show good discrimination ability, 21 we dichotomized both scores at 6 and combined both scores into a single risk factor. The threshold of 16 for NIHSS was determined by the median value of 15 of previous registry data. 6 The thresholds of 2 for mRS before onset were determined by the same threshold of primary outcome. The threshold of 180 minutes for time from stroke onset to hospital door was determined by the report. 22 The effects of EVT relative to no EVT were expressed as odds ratios (ORs) and 95% confidence intervals (CIs). The subgroups for primary outcomes were the following: study period (before February 2015 or after March 2015), ASPECTS or pc-ASPECTS (≥6 or <6), NIHSS (≥6 or <6), mRS before the onset of stroke (>2 or <2), time from stroke onset to hospital door (≥285 or <285 minutes), 23 use of intravenous rt-PA, and the site of the main occlusions (anterior circulation or posterior circulation), the vessels of main occlusions (internal carotid artery and M1 segment middle cerebral artery; M2 segment middle cerebral artery; other arteries). The threshold of 6 for NIHSS was determined by the threshold of indication of EVT. 24 The threshold of 285 minutes for time from stroke onset to hospital door was determined by the recommended time windows of 6 hours from onset to puncture and 75 minutes from door to puncture (360À75=285).
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We also constructed multivariable logistic regression models for all enrolled patients as sensitivity analyses. We included all variables used in the development of propensity score and adjustment in the conditional logistic regression models as adjusting variables. The dichotomized variables were treated as both dichotomized and not-dichotomized to assess the robustness of the models.
All statistical analyses were conducted by a physician (Uchida K.) and study statistician (Morimoto T.) by using JMP 13.0 (SAS Institute Inc, Cary, NC) or SAS 9.4 (SAS Institute Inc, Cary, NC). The study statistician was blinded to the treatment modalities during the analyses. All reported P values were 2-tailed, and P<0.05 were considered to be statistically significant.
Results
Patients Characteristics
Among the 2420 patients who were initially enrolled in the registry, 12 patients did not meet the eligibility criteria. A total 2408 patients were subsequently enrolled, of which 1281 patients received EVT, and 1127 patients did not (Figure 1 ). Because of a lack of follow-up at 90 days for 9 of the patients, 1278 and 1121 patients were ultimately analyzed in the EVT and the no-EVT groups, respectively. Patients who received EVT were significantly younger (74.7 years versus 77.4 years, P<0.0001), and there were more men (59.2% versus 49.5%, P<0.0001) in that group (Table 1 ). The EVT group had significantly higher baseline NIHSS and had less extended areas of infarction as measured by ASPECTS. Patients with occlusions in the posterior circulation, and longer times from the onset of stroke to hospital door, were less likely to have received EVT. The median time from the onset of stroke to hospital door and ultimately to reperfusion, in patients who received EVT, were 120 minutes (interquartile range 50-260) and 270 minutes (interquartile range 190-435), respectively. Intravenous rt-PA was administered more often in patients with EVT (46.7%), than in patients without EVT (31.8%) (P<0.0001).
After the propensity score matching, 1121 patients in each group were matched with their counterparts. Even after the Acute ischemic stroke n=2420
No endovascular therapy n=1127
Endovascular therapy n=1281
Followed 90 days n=1121
Followed 90 days n=1278
Lost to follow-up n=6
Out of the eligibility criteria n=12
Propensity matched cohort n=1121 n=1121
Lost to follow-up n=3 
Outcomes
In the propensity score-matched cohort, the favorable outcome, defined by mRS of 0 to 2 at 90 days, was observed in 35.3% and 30.7% of the EVT and no-EVT group patients, respectively (P=0.02). The unadjusted and adjusted ORs of the favorable outcomes of EVT relative to no-EVT groups were 1.23 (95% CI, 1.03-1.47) and 1.44 (95% CI, 1.10-1.86), respectively (Table 3) . EVT was also associated with excellent outcomes, defined by mRS of 0 to 1 at 90 days, with an adjusted OR of 1.34 (95% CI, 1.02-1.74), but not in the crude model (P=0.17). Mortality at 90 days was significantly lower in the EVT than in the no-EVT group (9.8% versus 13.6%, P=0.006), but the adjusted OR of EVT was 0.75 (95% CI, 0.54-1.04).
In terms of safety outcomes, intracranial hemorrhage within 72 hours was significantly more frequent in the EVT group than in the no-EVT group (27.5% versus 18.8%, P<0.0001), and the adjusted OR of EVT was 1.97 (95% CI, 1.56-2.49). However, symptomatic intracranial hemorrhage was similar between the 2 groups ( Table 4 ). The recurrence of stroke or transient ischemic attack was also similar between the 2 groups.
Subgroup Analyses
The subgroup analyses of the favorable outcome of mRS of 0 to 2 at 90 days suggested that the EVT was generally effective in all subgroups (Figure 2) . EVT was apparently effective in patients who met the indications of current guidelines, such as those with ASPECTS ≥6; with mRS before the onset <2; presented to the hospital door <285 minutes after the onset of stroke; with occlusion in the anterior circulation; and with the vessels of main occlusions of internal carotid artery or M1 segment middle cerebral artery. On the other hand, EVT seemed effective for those with NIHSS score <6 with adjusted OR 1.75 (95% CI, 1.27-2.43). EVT was effective in patients without rt-PA with adjusted OR 1.52 (95% CI, 1.07-2.15). Although these estimates were statistically significant, EVT seemed effective in patients with stroke in the posterior circulation (adjusted OR 1.65 [95% CI, 0.71-3.84]), and in the occlusion vessels of M2 segment of the middle cerebral artery (adjusted OR 1.37 [95% CI, 0.77-2.43]). All interaction P values were not statistically significant.
Sensitivity Analyses
In the original cohort, the favorable outcome was observed in 41.7% and 30.7% of the EVT and no-EVT group patients, respectively (P<0.0001). The adjusted ORs of the favorable outcomes of EVT relative to no-EVT groups were 1.59 (95% CI, 1.27-1.98) in the dichotomized model and 2.24 (95% CI, 1.67-2.99) in the not-dichotomized model (Table 5 ). The adjusted ORs for excellent outcome and mortality were consistent in the same models. The intracranial hemorrhage within 72 hours was also more frequent in the EVT group than in the no-EVT group (26.0% versus 18.8%, P<0.0001) in the original cohort, and the adjusted ORs of EVT were similar to the main results ( Table 5 ). The findings of symptomatic intracranial hemorrhage and recurrence of stroke or transient ischemic attack were also similar to the main results.
Discussion
Our registry of real-world patients demonstrated that EVT reduced the disability measured at 90 days in patients with acute LVO. We confirmed the findings from previous RCTs with large number of patients exceeding the enrolled patients in the previous RCTs. [1] [2] [3] [4] [5] The effectiveness of EVT was prominent in patients with either ASPECTS or NIHSS scores ≥6 at the onset. Also, EVT was effective for those who presented to the hospital door <285 minutes after the onset of stroke or those with stroke in the anterior circulation. Thus, our findings were consistent with previous RCTs 1-5 and the guideline. 24 Our study also suggested the potentials of EVT for those without explicit indications in the guideline. Although the number of subgroups were too small to show statistical significance, EVT seemed similarly effective in patients, when comparing the patients with posterior circulation to anterior circulation, without rt-PA before EVT, to with rt-PA before EVT, and who appeared later than 285 minutes after the onset, to <285 minutes after onset. Less than half of the patients received rt-PA before EVT in our study, compared with 68% to 100% of patients who received rt-PA in previous RCTs, which attested to the effectiveness of EVT. Our study suggested that the efficacy of EVT was promising, with an OR of favorable outcomes of 1.52, even without rt-PA. EVT was generally recommended to those who received rt-PA, and the RCT of EVT for acute phase of patients without rt-PA was not available to date. 24 We were reassured that EVT could be considered in patients with acute LVO, even if they did not receive rt-PA. LVO in the posterior circulation accounted for 15% of patients in our study. These patients were not primarily considered as candidates for EVT for several reasons, including difficulties with diagnosis on NCCT, difficulties in the assessment of ASPECT, or varying severities. 7 A lack of evidence about the effectiveness of EVT in those patients was the reason for the discrete use of EVT in those patients. One observational study reported that EVT was not effective in patients with acute basilar artery occlusion. 25 Our study suggested that there is a chance of effectiveness of EVT in patients with such occlusions of the posterior circulation.
In light of this dichotomy of findings, well-conducted RCTs in those patients are mandatory. Because we routinely assessed posttreatment bleeding or recurrence of stroke by magnetic resonance imaging or NCCT, we could systematically assess the natural course of EVT, by looking at postprocedural complications such as asymptomatic intracranial hemorrhage or recurrence of stroke. We found that the incidence of intracranial hemorrhage within 72 hours after EVT was high (one fourth of patients), and there was a 97% increase in risk compared with those who did not have EVT. Even with this high rate of intracranial hemorrhage, the rate of symptomatic hemorrhage was minor (5.3%) and similar to those who had not had EVT. These rates were similar to those of previous RCTs. 26 Based on the findings from previous RCTs and metaanalyses, 26 EVT became the standard therapy for patients with acute LVO in the anterior circulation. Our study validated their findings to general patients. The ASPECTS of 85.7% of patients with EVT were 6 or more in our study. The American Heart Association has recommended that EVT should be considered for those with an ASPECTS of 6 or more, 24 but our study suggested that EVT might be associated with better clinical outcomes in the subgroup of ASPECTS <6 because the point estimate of adjusted OR was 1.83, which was larger than that in the subgroup of ASPECTS ≥6. 
Limitations
This study has several limitations. First and most critically, this study was a prospective registry and the selection of EVT depended on the practicing physicians. Therefore, it was inevitable that there would be residual confounding and selection biases in the comparisons between EVT and no EVT, even though we constructed propensity score-matched cohorts and constructed extensive multivariate models to account for the factors associated with the selection of EVT and prognosis. Second, we systematically registered patients with acute stroke caused by LVO for 2 years at 46 centers, and, to the best of our knowledge, this study is the largest study to date. However, the sample size was still not large enough to fully evaluate the effects of EVT in some important subgroups, such as those with stroke in the posterior circulation or with lower ASPECTS. However, our registry study shed light on the effectiveness of EVT in such groups, despite a paucity of evidence that has been presented in the past. Third, the imaging methods in this study were not standardized and not the cutting-edge in this era, such as CT perfusion. 27 Therefore, a well-conducted randomized trial with modern standardized imaging methods to attest to the effects of EVT, especially focusing on such understudied subgroups, is warranted. Finally, assessments of our mRS could be biased because the treatment modality was not masked, even though mRS assessment was regulated to be conducted by an independent physician other than the treating physician. In addition, the mortality rate was less likely to be biased, and the findings were consistent between mild symptoms (mRS 0-2) and mortality (mRS 6).
Conclusion
Our large prospective registry of consecutive patients with acute stroke caused by LVO revealed that EVT was effective in reducing the level of disability at 90 days. Our promising findings indicating the efficacy of EVT in those with severe disabilities or posterior circulation should be confirmed through future RCTs that target these understudied populations. 
